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ABSTRACT 

The CHITRAN program computes  the Chi-square statistic  for  testing 

the hypothesis  that  a random sample  is  from a normal population.    Also 

given are the degrees of freedom for the Chi-square statistic,   a bar 

chart (frequency distribution),  the mean,   standard deviation,  range, 

maximum,  and the minimum of the observations comprising the sample. 

Eleven transformations on the observations are possible before  the 

calculations are performed.    An optional  feature,  "pooling," allows 

tne grouping of samples  in order  to obtain a single Chi-square statistic 

for  the grouped (pooled)   data. 

CHITRAN  is written  in FORTRAN IV  for  the IBM 7030 (STRETCH) 

computer. 

ii 



I.    INTRODUCTION AND SUMMARY 

CHITRAN (Chi-square Test with Transformations) is a program to 

statistically compare the agreement of the distribution of a sample of 

observed data with a parent normal distribution having a mean and variance 

equal to those of the sample distribution. 

The distribution of the observations in the sample is classified 

into a number of intervals (mutually exclusive and exhaustive) and the 

observed frequency in each interval is then "compared" with the frequency 

that would be expected in the same interval if the parent distribution 

were normal. Because the observed and expected frequencies seldom agree, 

the question is whether the discrepancies are small enough to be considered 

as due to chance or are so large that the hypothesis of normality must be 

rejected. The statistic used in CHITRAN to make the "comparison" between 

observed and expected frequencies, i.e., to test the hypothesis of 

normality is 

-p m    (f -m )3 

X3  =    E    v  .1  ^i'        with m-3 degrees of freedom, 

where 

f;   is   the observed frequency  in the  jth interval  (j=l,2,3,..,,m) 

cpj   is   the  expected  frequency  in  the jth interval 

and        m    is   the number of  intervals  into which the  range of  the sample 

distribution  is divided. 

The  degrees of freedom for the Chi-square statistic are calculated 

as m-3 because only the general  form of the normal distribution can be 

hypothesized,  with the mean and variance being estimated  from   the 

observations   of  the  sample.     Two degrees of  freedom are  subtracted  from m 



because of the estimation of  the  two parameters and an adaxtional 

degree of  freedom is subtracted because  the sum of the expected frequencies 

is made equal  to the number of observed frequencies. 

The symbol x,2  is used because,  under  the hypothesis of normality, 

this statistic  is only approximately distributed as Chi-square (x2)i with 

the  degree  of approximation depending mainly on  the  size of  the expected 

frequencies.    Many authors recommend  that 9.   should be  at  least 5  for 

each interval  in order that the approximation is adequate.     (The minimum 

number of expected observations   in each of the m intervals  is an input 

parameter  in CHITRAN and adjacent  intervals are combined until this 

minimum requirement  is met.)    Assuming  that  the expected frequency in 

each interval is  large enough that ^2   is approximately distributed as 

Xs,   the upper tail of the tabled  x2 distribution can be used as a 

critical region to test the hypothesis  of normality.    Examples of the 

test are  given  in section V.C. 

The Chi-square  test  for  normality,  accredited  to Ka.1 Pearson 

in  1900  (with contributions  by R.  A.  Fisher  in 1924) ,   is often used 

even if  the the sample is known  to be non-normal .    For example,  physical 

considerations may  restrict  the  sample  observations   to non-negative values, 

but  the  normal  distribution may  give  1  sufficient  approximation to  the 

sample distribution over  the  ran^e of  the sample variate.    The possibility 

of approximating a sample distribution by the normal  distribution is 

often  investigated because  of   the characteristics  of  the normal curve, 

namely  a  single mode with the   frequencies decreasing  symmetrically on 

both sides  of  the mode,  characteristics which are  often  found  in 



physical phenomena.  If the normal approximation can be considered 

adequate, there is a considerable advantage in that the normal 

distribution is relatively easy to handle mathematically because of the 

extensive tabulation of the standard normal distribution to be found in 

the literature. 

The numerical value of the Chi-square statistic (x3), although 

serving as a criterion to test the hypothesis of normality (or approximate 

normality) dees not indicate the way in which the sample data disagrees 

with the normal distribution if the hypothesis is rejected.  In CHITRAN, 

therefore, a bar chart of the observed frequencies is printed, which 

sometimes serves as a visual aid in determining the actual form of the 

sample distribution if the hypothesis of normality must be rejected. 

The utility of the bar chart as a visual aid in case of a non-normal 

distribution can be illustrated by the example problem (section V). 

Suppose it is not known that the twe samples in the example problem 

are approximately log-normally distributed. Visual inspection of the 

bar charts of the two samples indicates that the distributions are 

skewed such that there is a high concentration of small values of the 

variate and relatively few large values. Since this type of skewress 

is characteristic of the log-normal distribution, the bar chart should 

lead the analyst to consider the possibility that the parent populations 

are distributed log-normally (or approximately log-normally) . The 

example problem also illustrates the aid of the transformations in 

determining the actual form of a non-normal distribution.  If, for 

example, the hypothesis of normality must be rejected and the bar chart 

indicates a skewness of the type described above, the Chi-square test 



can then be performed on the logarithms of the original values in an 

attempt to confirm the hypothesis that the parent distribution is 

actually log-normal. 

As many as 300 samples may be processed by CHITRAN with a 

maximum of 14,000 observations in each sample. Up to 200 "different" 

Chi-square tests may be performed on each sample of data, where each 

Chi-square test begins with a different number of intervals, none of 

which may exceed 400. The capability of performing more than one 

Chi-square test on a sample of data is included in CHITRAN because the 

numerical value of the Chi-square statistic and its degrees of freedom 

are dependent upon the number of intervals into which the sample 

distribution is divided. Performing several Chi-square tests, each 

with a different number of intervals, helps protect against the 

possibility of incorrectly rejecting or incorrectly accepting the 

hypothesis of normality on the basis of a single Chi-square test. For 

example, if 10 Chi-square tests (each with a different number of intervals) 

were performed on the same sample of data, and the hypothesis of normality 

was found to be acceptable in 9 of the tests and rejected in 1, the 

multiple testing would minimize the effect of choosing by chance, in a 

single Chi-square test, that number of intervals which led to rejection. 

An optional feature, "pooling," is incorporated into CHITRAN to 

allow the grouping of samples In order to obtain a single Chi-square 

statistic for the grouped (pooled) data. This feature v. \s included in 

CHITRAN primarily for use in analysis of variance, where normality of 

the residuals in the cells of the classification is essential in the 

construction of confidence limits and/or tolerance limits and is also 



required for tests of significance. CHITRAN can perform the Chi-square 

test only on the pooled sauj-le or on the pooled sample and the individual 

samples.  (Naturally, the pooled sample option need not be exercised, in 

which case the Chi-square test is performed only on the individual 

samples.) The upper limit for the total number of observations in 

the pooled sample is 1,779,200. 

Discussions of the Chi-square test for normality and examples of 

its application can be found in much of the literature (see, for example. 

Burr [1953] or Wadsworth and Bryan [I960]). A comprehensive discussion 

of the test, including its development, application and limitationF can 

be found in Cochran [1952]. Cochran also discusses alternative tests 

and tests which are supplementary to the Chi-square test. 

II.   COMPUTATIONAL PROCEDURE 

The operations described in this section are performed for each 

sample of data, after the transformation, or transformations, specified 

on Card Type 2 (see section III .A.2) have been performed on the n sample 

observations.  If the pooling option has been exercised, the pooled 

sample is formed as follows before the operations are performed.  In 

each of the samples that are to be pooled, the sample mean is subtracted 

from the observations in the sample, i.e., the mean of the k*1*1 sample is 

subtracted from each jf  the n observations of the k^  sample. The mean 

of each individual sample comprising the pooled sample is, therefore, 

translated to zero. The observations of each sample are then grouped 

into a single pooled sample (with mean = 0). The computational 

procedure is described in this section for an individual sample but is 

also valid for the pooled sample except for the following variations. 



The minimuni number, INTOVP, of expected observations in each interval 

of the pooled sample and the number of intervals, INTERPCI), into which 

the pooled sample frequency distribution is to be divided need not agree 

with INTOV and INTER(D, the corresponding input parameters for the 

individual samples. In case of a pooled sample, therefore, the values 

of INTOVP and INTERP(I) on Card Type 4 must be substituted for INTOV 

and INTER(I), respectively, in the description of. the computational 

procedure. The only other deviation in procedure for the pooled sample 

is, as described later, the calculation of the degrees of freedom. 

I Xj I | (x^x)3 

The mean, -L-i—, and the standard deviation, -yl-^i , of the 
n \       n-1 

n sample observations are computed and printed. 

A frequency distribution of the sample observations is then formed 

in the following way. The maximum, x,,^, and the minimum, xBln, of the 

observations are determined and the range of the sample frequency 

distribution is computed as xBax - x,,^.  In order to obtain the i.iterval 

width, D,  the range is divided by the input value of the desired number 

of intervals, INTER(I), specified on Card Type 5. The maximum, minimum, 

range, and the interval width are printed as output.  The upper bounds of 

each of the INTER(I) intervals are then computed by adding ID, 2D, 3D,  , 

j:D, , INTER(I)D, respectively, to xB 1 n , The maximum, xBtT, is 

thereby determined as the upper bound of the last interval. The upper 

bounds are then printed as output. 

NOTE:  j' is used to denote the general interval of the INTER(D 

intervals into which the sample frequency distribution is divided 

according to input specifications,  j is later used to denote the 

general interval of the m intervals that result from the restriction 



that a minimum number of expected observations must be in each 

interval. The j'^ interval may or may not coincide with the 

jth interval. 

Each observation is then assigned to its proper interval, i.e., to the 

"first" interval which has an upper bound that is larger than the obser- 

vation.  In other words, the observation Xj is assigned to the j'th 

interval if Xj is £ xB!n + (j
l-l)D but < xB,n + j'D.  The number of 

observations in each interval is counted and printed as output under 

the heading ••FREQUENCY." The count in each interval is printed to the 

right of the upper bound of the interval. A bar chart is then printed 

in which each observation is represented by an "X". 

NOTE:  If the number of observations in any interval exceeds 65, 

the number of X^s used in the bar chart to represent the obser- 

vations is scaled such that only 65 X's are printed for the interval 

with the largest observed frequency. This scaling is performed in 

order to preserve the relative proportions of the bar chart, which 

would otherwise be lost because of printing limitations. The 

following method is used when scaling is necessary. The maximum 

observed frequency is divided by 65, giving the number of obser- 

vations to be represented by each printed X. For example, if the 

98 
maximum frequency is 98, each X represents — = 1.5077 observations 

65 

and   the  statement  "X REPRESENTS   1.5077 OBSERVATIONS" is  printed 

as  output.    The number  of X's  to be  printed  in  this case  for each 



interval is then obtained by dividing the observed frequency in 

each interval by 1.5077. The number of X's printed is always 

rounded off to the nearest integer. 

After the bar chart has been formed, the quantity  "  - 3 is 

computed, where INTOV (see Card Type 5, columns 6-10) is the minimum 

for the expected number of observations to be found in each interval. 

If  ",.■■ - 3 is ^ 0, the observed frequencies and the bar chart are 

printed and the statement "CHISQUARE COULD NOT BE COMPUTED" is printed. 

No attempt is made in this case to compute the Chi-square statistic 

because of the joint consequence of (a) the restriction that cp^ , the 

expected number of observations in each interval, must be greater than 

INTOV and (b) the definition of the degrees of freedom for the Chi-square 

statistic as the number of intervals, m (for which cpj > INTOV), minus 3. 

If the quantity —-— - 3 is ^0, the degrees of freedom could not be 
INTOV 

> 0 and further computations would, therefore, be meaningless. 

If the quantity —S  - 3 is > 0, an attempt is made to compute 
INTOV 

the Chi-square statistic. The expected fre ^ency distribution is formed. 

This distribution gives the number of observations that would be expected 

in each of the INTER(I) intervals if the sample of n observations was 

actually from a parent normal distribution having a mean and standard 

deviation equal to those of the sample observations. Under the hypothesis 

of normality, the expected frequency (cfy ) in each of the INTER(l) intervals 

is obtained by multiplying the total number of observations, n, by the 

probability that an observation will be in a given interval. The 

probabilities are computed by a system subroutine which uses the 

standardized normal distribution function, 



x2 

p(X) = -i- e"5". 
/2TT 

Consequently, the upper bounds in each interval must be standardized by 

subtracting the sample mean, x, and dividing by the sample standard 

deviation, s. The probability that an observation will be in the first 

interval is then 

JL r e"^ dx, 

where T1 is the smallest standardized upper bound. The probability that 

an observation will be in the second interval is obtained by integrating 

from T, to T2, where T2 is the standardized upper bound of the second 

interval. This procedure is continued until probabilities have been 

computed for each interval. 

Each time an expected frequency, cp.» , is found for an interval 

(cp.« = the number of sample observations multiplied by the probability 

that an observation is in the j'th interval), the value of cp,' is tested 

to determine if it is <=' INTOV. If cp.i is <.  INTOV, the expected frequency 

is addod to that of the next interval, i.e., the intervals are "combined." 

The procedure is continued, if necessary, until a combined interval does 

have an expected frequency > INTOV. The expected frequencies of 

succeeding intervals are also examined and, if necessary, combined with 

the next interval or intervals. Each time an interval (or group of 

combined Intervals) is found to have an expected frequency > INTOV, the 

expected frequency for the remaining intervals is examined.  If INTOV 

or less expected frequencies remain, the remaining intervals are combined 



with the preceding interval.  In this way m "new1' intervals result from 

the original INTER(I) intervals, each of the m intervals having an 

expected frequency, cpj (j = l ,2 , . . . ,m) , greater than INTOV . 

A count is then made of the number of sample observations, fj, 

that actually fall in each of the m intervals and the contribution cf 

each interval to the Chi-square statistic is computed and printed, the 

contribution of the j1-^1 interval being 

cp 

The observed and expected number of observations in each of the m 

intervals are then printed as output under the headings "OBS FR" and 

"EXPD FR," respectively. 

The quantity m-3, the degrees of freedom, is computed and if 

<  0, the statement "CHISQUARE COULD NOT BE COMPUTED" is printed.  (In 

case of a pooled sample, the number of degrees of freedom is computed as 

m-K-2, wherp K - the number of samples comprising the pooled sample.) 

If the number of degrees of freedom is > 0, the Chi-square 

statistic is computed by summing the contributions of each of the m 

intervals, i.e., 

m 
r f -f?i v 

j = l   cfj 

The value of \  is printed as output, along with the degrees of freedom. 

L0 



III.   INPUT PREPARATION 

A . Problem Deck Setup 

The problem deck is listed below by card type. More than 

one card of a given type may be necessary for a specific problem. Two 

sets of Card Type 1 to 7 may be processed at one Lime, i.e., another 

problem deck may be stacked behind the first one. 

CARD TYPE 1 - VARIABLE FORM/VT CARD 

CARD TYPE 2 - INPUT CONTROL CARD 

CARD TYPE 3 - POOLED SAMPLE IDENTIFICATION CARD (OPTIONAL)* 

CARD TYPE 4 - POOLED SAMPLE CONTROL CARD (OPTIONAL)* 

CARD TYPE 5 - SAMPLE CONTROL CARD 

CARD TYPE 6 - SAMPLE IDENTIF7 NATION CARD** 

CARD TYPE 7 - SAMPLE DATA CARD** 

* Onit if samples are not to be pooled. 

** This "pair" of Card Types (6 and 7) comprises the data input for one 

sample.  (More than one Card Type 7 may be necessary.)  These cards may 

be input on punched cards or on tape as indicated in column 10 of the 

INPUT CONTROL CARD (Card Type 2). 

1.  CARD TYPE 1 - VARIABLE FORMAT CARD 

Column Format Program Variable   Explanation 

1-80  iOA8   F^RM The format specifications by which 
each Card Type 7 (or data input record, 
if data is on tape) is to be read. 
The format specifications must be 
enclosed by parentheses. 

Li 



2.    CARD TYPE 2  -  INPUT CONTROL CARD 

Column    Format    Program Variable 

1-5 15 N0SAM 

10 II TAPE 

15 II GR0UP 

19-20       12 N0TRAN 

Explanation 

The number of samples for which the 
Chi-square test is to be performed. 
N0SAM <: 500. 

2 - The information on Card Types 6 
and 7 is on punched cards. 

5 - The information on Card Types 6 
and 7 is on magnetic tape, 

0 - Do not pool the samples, i.e., 
perform the Chi-square test(s) only 
on the individual sample(s). 

1 - Perform the Chi-square tests on 
the individual samples and on the 
pooled sample. 

2 - Perform the Chi-square test on 
the pooled sample only. Print the 
observations comprising the pooled 
sample. 

3 - Perform the Chi-square test on the 
pooled sample only. Do not print the 
observations. 

The number of transformations which 
are to be performed on all observations 
comprising each of the samples. The 
Chi-square test is performed on each 
transformed set of data.  If more than 
one transformation is desired, the 
input data must be on tape (i.e., if 
N0TRAN > 1, then TAPE - 5).  X to X 
is considered to be a transformation, 
therefore, N0TRAN = 1 if the Chi-square 
test is to be performed on the original 
observations only. 1 -s N0TRAN < 11. 

12 



Card Type 2 (Cont'd) 

Column Format Program Variable 

21-25  15     IT(1) 

26-30  15 IT (2) 

71-75  15     IT(ll) 

Transformations: 

Explanation 

An integer designating the first 
transformation to be performed on 
the observations . See the list of 
11 available trans forma .ions below 
and the corresponding integer to be 
entered. 

There are N0TRAN of these entries. 
If N0TRAN = 2, e.g., the first 
transformation is specified by an 
integer in columns 21 to 25 and the 
second by an integer in columns 26 
to 30. The remaining columns are 
left blank. If only transformation 
number 6 ^the square root) is desired, 
for example, a six is entered in 
column 25 and the remaining columns 
are left blank. 

The following integers are used to designate the available 

transformations: 

1 

2 

3 

4 

5 

6, 

9 

10 

11 

X <- In X. 

X «- ln[ln(X)]. 

X «- ln(l+X) . 

X <- [l+ln(l+X)]. 

X ♦- /X. This transformation is identified as SQRT X in the 
printout 

1 
X ^x- 

X 4- 1+i. 
X 

X «- sin"1X.  This transformation is identified as ARCS IN (X) , 

X ♦- 2 sin"Vx.  Identified as 2* ARCSIN(SQRT(X)) . 

X ♦- sin"1/*.  Identified as ARCSIN(SQRT(X)) . 

13 



3.    CARD TYPE  3   - POOLED SAMPLE  IDENTIFICATION CARD  (OPTIONAL) 

This card  is  omitted  if the  samples  are  not  pooled,   i.e.,   if 

column  15 of Card Type 2=0. 

Column    Format    Program Variable        Explanation 

1-80       1QA8        P00LID Eighty columns   to be used  for  the 
identification of  the pooled sample. 

4.    CARD TYPE  4  - POOLED SAMPLE CONTROL CARD  (OPTIONAL) 

This card  is omitted  if  the  samples  are  not  pooled. 

Column    Format    Program Variable 

1-5 5X   

6-10       15 INTtfVP 

11-15       15 N0INTP 

16-20       15 

21-25       15 

15 

76-80       15 

INTERP(l) 

INTERP(2) 

INTER? (I) 

INTERP(13) 

\ 

> 

Explanation 

These columns are not read by the 
program and may, therefore, be used 
for additional identification of the 
problem. 

The minimum for the theoretical 
(expected) number of observations 
which must be in each of the m 
intervals used in calculating the 
Chi-square statistic for the pooled 
sample.  5 is recommended as a lower 
limit for this number. 

The number of Chi-square tests to be 
performed on the pooled sample, where 
each Chi-square test begins with a 
different number of intervals, i.e., 
a different number, INTERP(I). (See 
below.) N0INTP <  100. 

The number of intervals into which 
the range of pooled observations is 
to be divided for the Chi-square tests. 
There are N0INTP of these entries. 

For example, if three Chi-square tests 
are desired on the pooled sample (i.e., 
N0INTP = 3 in column 15), with the range 
to be divided into 40, 50 and 60 intervals, 
respectively, then 40 must be entered 
in columns 19-20, 50 in columns 24-25 
and 60 in columns 29-30. The value 
of INTERP(I) must be < 400. 

14 



If N0INTP > 13 but < 30,  continue on an additional Card Type 

4 in  the  following manner: 

1-5 15 INTERP(14) 

• • ■ 

• • • 
76-80  15     INTERP(29) 

If N0INTP > 29, continue on additional card(s) in the 

same format as the second Card Type 4. 

5. CARD TYPE 5 - SAMPLE CONTROL CARD 

There are N0SAM (see columns 1-5, Card Type 2) of these 

sample control cards, one for each sample of input data.  If the number 

of samples is greater than 1, the sample control cards are stacked 

consecutively and must be in the same order in which the samples are 

input on Card Types 6 and 7. If GR0UP = 2 or 3 (column 15, Card Type 

2), i.e., if the Chi-square test is to be performed only on the pooled 

sample, then only N0BS (columns 1-5) and N(>INT = 1 (column 15) must be 

entered on Card Type 5. 

Column Format Program Variable   Explanation 

1-5   15    N^BS The number of observations comprising 
the kth sample (assuming this is the 
kth sample control card). N0BS ^ 14,000. 

6-10  15     INT^V The minimum for the theoretical (expected) 
number of observations which must be in 
each of the m intervals used in calculating 
the Chi-square statistic for the k^ 
sample.  5 is recommended as a lower 
limit for this number. 

15 



Card Type 5 (Cont'd) 

Column   Format    Program Variable 

11-15      15 N0INT 

16-20 

21-25 

15 

15 

15 

76-80      15 

INTER(l) 

INTER(2) 

INTER (I) 

INTER(13) 

N 

> 

/ 

Explanation 

The number of Chi-square  tests  to be 
performed on  the kth sample, where 
each Chi-square test begins with a 
different number of intervals,   i.e., 
a different number,  INTER(I).     (See 
below.) N0INT ^ 200. 

The number of  intervals  into which  the 
range of the observations of the kt'1 

sample is  to be divided for  the Chi- 
square tests.    There are N0INT of 
these entries . 

For example,   if two Chi-square tests 
are desired on the k^h sample  (i.e., 
N0INT = 2  in column 15), with the range 
to be divided  into 10 and 15  intervals, 
respectively,   then 10 must be entered 
in columns  19-20 and 15 in columns 
24-25.    The value of INTER(I)  must be 
<. 400. 

If N0INT > 13 but < 30, continue on an additional Card Type 

5  in the following manner: 

1-5        15 INTER(14) 

76-80      13 INTER(29) 

If N0INT > 29,  continue on additional card(s)   in the same 

format as described above  for the second Card Type 5. 

6.    CARD TYPE  6   - SAMPLE  IDENTIFICATION CARD 

The data input  for each sample consists of a "pair'3 of card 

types,   thd sample  identification card (Card Type 6)  and the sample data 

card or cards  (Card Type  7) .    If there  is more than one sample,   the pair 

16 



of card types  for sample number 2  follows  immediately after  those  for 

sample number 1,   additional  pairs  following for each of the remaining 

samples  (if any).    The pairs of card types must be  in the same order 

as their corresponding sample control cards  (Card Type 5) , 

Column    Format    Program Variable        Explanation 

1-80      10A8        IDENT Eight/ columns   to be used for  the 
identification of the observations 
comprising the kth sample.    The 
observations  follow on Card Type 7 

CARD TYPE  7  - SAMPLE DA.TA. CARD 

Column    Format    Program Variable        Explanation 

1-80      Variable 0BSERV The numerical values of the 
observations comprising the k™ 
sample.    These values must be  input 
in accordance with the format 
specified on Card Type 1 (Variable 
Format Card).     If more  than one 
Card Type  7 is necessary for the k*-*1 

sample,   the data is continued on 
succeeding cards. 

17 
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SLCURI TY     CLASSI f1 CATI ON                                                                                      " 
pi TOP        r^i            r~i           rri 
j       1   SECRET           i       ISECHLT             j       ICONF.                IXJuNCLASS, 

NAME 

R.   SHADE 
1 DENT    NO . 

A3 
1 BLOG.                        | ROOM                           1 TEL EPHON E 

|    1200         |A-143         I    8361 
DATE 

12-19-66 

3 i INSTRUCTIONS W i                                       INSTRUCTIONS 

HOLD     TAPE    » 

[PUT    ATTACHED     DECK     ON 

TAPE     *     Al Sft 

INPUT    PROGRAM 

Li7090     d7030 

LIST    TAPE    » _.. 

[  D'lPL 1 C ATE     AN D     COMP A R t 

TAPE    #                                         ONTO    TAPE    * 

TYPE    DATA 

J___[7030   OUTPUT 

LJ 7090   BINARY 

j |7090   OUTPUT   | [7030    BINARY 

!      1 OTHER 

UPDATE     TAPE    *                                           USING   TAP 1 

AND    ATTACHED    CAiySs. 

. « 

 —"—^^—^^—— 
COMPILE    ATTACHED 
DECK    ON    THE     1401 . 1 ISPS                      1       1 AUTOCODER PAPER    WILL    BE    UNLINED   UNLESS    ANOTHER    1YPE     SPECIFIED] 

OTHER   CContinuerf   on   revert») 

PUNCH    TAPE    *  _ 

CARD   FORMAT: I [BINARY 11 so»» 
OPERATOR'S    IKITIALS DATE    AND    TIME    COMRLETfO 

A 1401 request sheet is necessary in order to have Card 

Types 6 and 7 put on tape. After the data has been put on tape, the 

proper tape number must be entered on the 7030 job request sheet as 

shown below.  If Card Types 6 and 7 are not on tape but are punched 

cards in the problem deck, a scratch tape instead of a specific tape 

should be called for on the 7030 job request sheet. 
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SECURITY CLASSIFICATION 

I 1 COMPILE     |X |G0 

|        I   COM AP I LGO 

□ CK 
OUT 

PROD 

NAME 

R.  SHADE 
IDf^T.M. 

A3 
■JOB 

CHARGE     CODE 
ARD 

DENT. PROGRAMME R 

jöT-TTtTT 
1A-143 I   1200 

PHONE 

8061 SETUP  «- . or  

EST.COMPILER  TIMf EST. EXECUTION   TIME 

1 MIN 
DATE 

12-19-66 
TAPES   CALLED   FOR   BY   PROBLEM   PROGRAM 

TAPE     NUMBER 4156 

f 1 L f     PROTECT    ON Yes 

PROGRAMMED    NUMBER 

SPtCIAL     HANDLING 
(?re   attached   JnBt.) 

f-PERATOR'S     COMMENTS 

□ ABEOJ              nHOLO             QLOOP             Q ^Dr^
EAÖo^!or£C^MENTS. 

*A1T    FOR     TAPES 

SPECIAL     INSTRUCTIONS    (continued   on    revrrme) 

70S0  JOB  REQUEST   pRNC.N*L-'i?30/?9 (REV.   ?.63) 

The number of  the  tape containing the data on Card Types 

6  and  7 must  be punched  in  the  IOD  deck (for example,  4156  is  punched 

in place of XXXX on  the  "REEL,  PULXXXX" card of  the  IOD deck if Card 

Types  6  and  7  are on  tape  4156). 
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V.    EXAMPLE PROBLEM 

A.  Description of Example Problem 

The example problem consists of two samples, one with 150 

observations (sample No. 1) and the other with 125 observations 

(sample No. 2).  Both samples are approximately log-normally distributed. 

(The observations of sample No. 1 are the antilogs of 150 numbers 

generated from an approximately normal distribution with mean = 2.50 

and standard deviation = 0.30. The observations of sample No. 2 are 

the antilogs of 125 numbers generated from an approximately normal 

distribution with mean = 2.20 and standard deviation = 0.30.)  Samples 

No. 1 and 2 should, therefore, appear to be from non-normal parent 

populations, but the logarithmically transformed observations of both 

samples should appear to have been sampled from normal parent populations 

In the example problem, the Chi-square test was performed on 

the original values (X to X transformation) and on the logarithms (X to 

In X transformation) for both sample No. 1 and sample No. 2. 

Two sets of intervals (20 and 25) were chosen for sample No. 

1, i.e., two Chi-square tests were performed on the original values of 

sample No. 1 and two on the logarithms of the original values. 

Only one set of intervals (15) was chosen for sample No. 2, 

amounting to two Chi-square tests, one on the original values of sample 

No. 2 and one on the logarithms. 

The option for pooling the two samples was exercised, with 

only one set of intervals (40) being chosen for the pooled sample.  Two 

Chi-square tests were performed, therefore, on the pooled sample, one on 
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the pooled original observations and one on the pooled logarithms of 

the original observations. Therefore, a total of 8 Chi-square tests 

were performed for the example problem.  In each of the 8 tests the 

minimum number of expected observations in each interval was specified 

as 5. 

This example problem was fabricated merely to illustrate 

the various features of the CHITRAN program, especially the transformation 

option, and is not intended as a guide to the choice of input parameters 

for the general problem. 

B. Listing of Input Cards for the Example Problem 

A listing of the input for the previously described example 

problem is given on the following two pages. Because two transformations 

(X to X and X to In X) were specified, it was necessary to put Card 

Types 6 and 7 on tape. 
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C.     Test Results   and Example Output 

Test Results 

The  output  from  the  example problem is  given here  in order 

to exhibit  a sample of  the  program output and also  to  illustrate the 

the use of  the x,2  statistic   in  testing the hypothesis  of normality. 

The  first Chi-square  test performed  in the example problem is 

performed on sample No.   1  (with  150 observations).    The sample frequency 

distribution is  divided  into 20  intervals,   i.e.,   INTER(l)   = 20 on the 

first Card Type  5 of  the   input  deck.    The "transformation"  used  is 

X  to X,     The computed x2   statistic   for  this   first  test  is  30.64 with 

12 degrees  of   freedom.     Because x2   (12 degrees  of  freedom)   is approximately 

distributed as  x2   (12  degrees  of  freedom),   the upper   tail  of the  tabled 

X2  distribution can be used as  a critical (rejection)   region for  testing 

the  hypothesis  of normality.     For  any given significance  level,  a,  where 

a is   the  probability of rejecting  the hypothesis  of normality when  the 

hypothesis   is   true,   the   lower  bound of the critical region is defined 

as  that value  of x^  (12  degrees  of  freedom)   for which the probability of 

X'    (12  degrees  of  freedom)   being greater  than or equal  to x2  (12 degrees 

of  freedom)   is  equal  to en.    At  the a - 0.01  level  of  significance,   for 

example,   the  tabled value  of x2   (12  degrees  of   freedom)   is  26.22.    Testing 

at  the   17,   level of significance,   therefore,   the  critical  region is 

X3  > 26.22.     Since  the  computed value of x2   (=  30.64^   is  within the 

critical  region,   the  hypothesis  of  normality must  be  rejected at  this 

Level  of  signifirance.     (Rejection  of normality  is   to be expected since 

this   sample  of data is,   as mentioned,   approximately   log normally distributed.) 

2b 



As a second example of the application of the x,2 statistic 

in testing the hypothesis of normality and as an illustration of the 

effect of the logarithmic transformation, consider the fifth Chi-square 

test printed in the output.  This Chi-square test uses the same input 

parameters as the first test, but the fifth test is performed on the 

logarithms of sample No. 1, not on the original values. The fifth test 

resulted in a x2 value of 15.79 with 12 degrees of freedom. Testing at 

the y -   .01 significance level, the critical region is, again, x2 >  26.22. 

Since x i-3 not in the critical region, the hypothesis of normality 

cannot be rejected, for this sample, at the .01 level of significance. 

(Again, this conclusion is to be expected since the logarithms of the 

observations of an approximately log normal distribution should be 

approximately normally distributed.)  It should be mentioned that 

although the number of degrees of freedom (12) calculated for the fifth 

test was the same as that calculated for the first test, the degrees of 

freedom of xG for the transformed observations of a sample do not always 

agree with the degrees of freedom for the original observations. 

The other six x2 statistics calculated for the example problem 

(and given in the example output) may be tested in a similar manner against 

tabled x^ values.  The tabled x2 distribution is not included in this 

report since it can be found in many elementary statistical texts. 
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VI.       FLOW CHARTS 

START 

•  REWIND DISK   10 

READ VARIABLE  FORMAT CARD 

READ  INPUT C0NTR0L CARD 

READ A SAMPLE CONTROL CARD 

i 
WRITE  THE  SAMPLE  CONTROL 
CARD 0N DISK  10 

YES 
7 

 Z  

N0 

YES 

REWIND  TAPE 
N0 

TAPE 

IPRINT-1 
GR0UP=GR0UP+1 

i 
GR0UP=4 

? 
YES IPRINT=2 

GRaUP=3 

m 

SAVE=GR(iUP 

GRÖUP=1 m 

YES 

&~l 

READ  IDENTIFICATION  F0R P00LED 
SAMPLE 

i 
READ THE PO0L C0NTR0L CARD 

1=1+1 

I=N0SAM 
? 

N0 

YES 

1=0 

1=1+1 
IGO  IS  SET = T0 THE  Ith 
TRANSFORMATION NUMBER GIVEN 
ON THE   INPUT CONTROL CARD. 

CALL SUBROUTINE CHI WITH 
THE IGOth TRANSFORMATION 
FUNCTION AS   ITS ARGUMENT 

GROUP=SAVE 
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START 

SET UP THE TDENT F0RMAT T0 
SPECIFY THE TRANSFORMATION 
WHICH  IS   BEING  HANDLED 

REWIND  DISK 
REWD1D  DISK 

10 
12 

JJX=JJX+1   « JJX=0   *-r 

COMPUTE  STANDARD DEVIATI0N 
FOR THE   POLLED  SAMPLE 

YES GROUPS 
? 

N0 

IGG=1 
SUM2P=0.0 
FNaBSP-0.0 
IDFF=3 
NOG=N0SAM 

READ  SAMPLE  C0NTR0L  CARD 
VALUES   F0R THE  JJXth 

SAMPLE   FR0M  DISK   10 

NUINT=N0INT 
pMrtnc_Mrtpc 

SUM=0.0 
SUM2=0.0 

I 
READ SAMPLE   IDENTIFICATION 
AND SAMPLE VALUES  FROM THE 
INPUT  S0URCE  DEFINED  BY 
TAPE 

TRANSFORM THE  OBSERVATIONS  OF 
THIS   SAMPLE AND SUM  THE 
TRANSFORMED VALUES  AS   THE 
VALUE   SUM 

FURTHER REFERENCE  TO OBSERVATION 
WILL  REFER  TO TRANSFORMED 
OBSERVATION 

COMPUTE  MEAN   =  THE  MEAN  OF  THE 
OBSERVATIONS  OF  THIS   SAMPLE 

COMPUTE THE  STANDARD DEVIATION OF 
THE OBSERVATIONS OF  THIS  SAMPLE 

VALUE OF GROUP 

sT(?R£   THE  OBSERVATIONS 
OF  THIS   SAMPLE,   WITH 
MEAN   SUBTRACTED  FROM 
EACH OBSERVATION,   ON 
DISK   12 

STOP 

UPDATE  VALUES  NEEDED 
TO COMPUTE  THE  RANGE,   THE 
NUMBER OF OBSERVATIONS,  AND 
THE   STANDARD DEVIATION  OF 
THE OBSERVATIONS  OF  THE 
POOLED  SAMPLE 
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COMPUTE  THE   RANGE  F0R 
THIS   (POSSIBLY P^LED) 
SAMPLE 

1=0 NO aJX=NDG 
7 

1=1+1 

I 
INTERV   IS  SET=INTER(I)   IF AN 
INDIVIDUAL  SAMPLE  IS  BEING 
PR0CESSED;   EQUAL 10   INTERP(I) 
IF THE  P^öfLED  SAMPLE   IS  BEING 
PROCESSED 

YES 

VALUE glF GROUP 

1 

DIVIDE  THE   RANGE   INT0 THE 
NUMBER 0F   INTERVALS  SPECIFIED 
BY   INTERV.     ST^RE  THE  UPPER 
BOUNDS  0F EACH  INTERVAL   INT0 
THE  STEP ARRAY 

I 
VALUE  ^F GR0UP 

1 

SUBTRACT MEAN FR^M EACH 0F 
THE  B0UNDS   IN THE  SIE? 
ARRAY AND  ST0RE   THE   RESULT 
INT0  THE   STIP ARRAY 

I 

RETURN 
TO 

CALLING 
PROGRAM 

-■*{ STOP '' 

COMPUTE   FREQUENCY  DISTRIBUTION 
FOR THIS  SAMPLE CORRESPONDING 
TO THE   INTERVALS  DEFINED BY 
THE  STEP ARRAY 

PRINT   HEADING AND   IDENTIFICATION 
FOR   THIS   x'TE51 

T 

I 
IGG-2 

GR0UP=4 
]DFF=N0SAM+2 
NOG^l 
NUINT=N0INTP 
INTOV=:INTOVP 

SET  UP CONTROLS  FOR 
THE  POOLED SAMPLE 
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CALL  SUBROUTINE  TRAN WITH 
STIP,   IDFF,  AND FN0BS   IN 
THE  CALL  LINE  T0 COMPUTE 
THE  x:!   CONTRIBUTIONS,   x" 
STATISTIC,  AND  DEGREES  OF 
FREEDOM 

n  res CALL  SUBROUTINE  PRINT! 
TO  PRINT THE OBSERVATIONS 
COMPRISING  THIS  SAMPLE 

NO 

PRINT  ADDITIONAL  HEADINGS 
TO   IDENTIFY OUTPUT 

PRINT THE MEAN AND 
STANDARD DEVIATION 
FOR  THIS  SAMPLE 

PRINT HEADING AND 
IDENTIFICATION  FOR 
THE  POOLED  SAMPLE 

I 
K=0 

PRINT  THE  RANGE,  MAXIMUM, 
AND MINIMUM OF  THE 
OBSERVATIONS,   INTERVAL 
WIDTH,   AND FREQUENCY 
HISTOGRAM 

PRINT  x2 AND  DEGREES OF  FREEDOM 

I-NUINT 
7 

NO 

READ 
FROM 
DISK   12 

H K=K+1 

YES 

VALUE OF GROUP 

1.2.3 

I I 
JL 

READ THE OBSERVATIONS 
COMPRISING  THE   Kth 
SAMPLE   INTqf MEMORY 
AND TALLY THESE 
OBSERVATIONS   INTO THE 
IFREQ ARRAY ELEMENTS 
CORRESPONDING TO THE 
INTERVALS   INTO WHICH 
THE OBSERVATIONS  BELONG 

IGG=2,   1=1, 
AND  IPRINT=1 

7 

NO 

YES 

CALL SUBROUTINE 
PRINT1 TO PRINT 
THE OBSERVATIONS 
COMPRISING THE 
Kth SAMPLE 

NO 

RETURN 
TO 

CALLING 
PROGRAM 

K=NOSAM 
7 

YES 

NO 

CALL SUBROlTINE TRAN 
WITH STKI', IDFF, AND 
FNOBSP   IN TliK  CALL  LIME 

II,   IPRINT-I 
AND   IGG--2? 

YES 

PRINT  POOLED SAMPLE 
IDENTIFICATION AND OUTPUT 
IDENTIFICATION  FOR THE   HISTOGRAM 

43 



STEP C0NTAINS  THE  UPPER  B0UND 
0F  THE   INTERVALS.     SDEV   IS  THE 
STANDARD DEVIATION.      IDFF   IS A 
FACTOR USED T0 COMPUTE THE 
DEGREES 0F FREEDOM.     0B   IS  THE 
NUMBER ^F OBSERVATIONS. 

START 

HZ 
FOT-0.0 
K0UNT=O.O 
CHISUM=0.0 
F0=0.0 
PRÖBO^O.O I 

INTMl = INTERV-l|*----| INTERV   IS  THE 
NUMBER 0F 

J = 0 

I 
INTERVALS 

J=J+1 m 
J-INTERV 

? 

PRÖBN   IS   THE   PROBABILITY OF 
ALL  THE  OBSERVATIONS  OCCURRING 
IN THE  RANGE   -   =o TO THE   UPPER 
BOUNDS OF  THE  Jth   INTERVAL. 
FREQ   IS  THE   FREQUENCY  FUNCTION 

YES PROBN=1.0 

NO 

PROBN=FREQ(STEP(J)/SDEV) 

I 
FOC=OB(PROBN-PR«(BO) 

FO SUMS  THE  OBSERVED 
FREQUENCIES  OF A CONTIGUOUS 
SET OF   INTERVALS  HAVING 
MORE THAN   INTOV  THEORETICAL 
FREQUENCIES. 

FO = IFREQ(J)+FO 

SUM  THE   TOTAL  NUMBER 
OF  OBSERVATIONS  WHICH 
HAVE   BEEN  HANDLED 

FOT=FOT+FO  * 
YES 

ARE  THERE  THEORETICALLY 
MORE THAN  INTOV OBSER- 
VATIONS   IN THIS SUBSET 
OF THE   INTOV   INTERVALS? 

NO 

CHI(J)--1.0 

COMPUTE   REMAIN=THE  THEORETICAL 
I NUMBER OF OBSERVATIONS   IN THE 
(J-l),   J,    ...,   INTERV   INTERVALS 

L 
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IS   THE  THEORETICAL 
NUMBER 0F OBSERVATIONS 
IN THE  J,   J+l,   ...,   INTERV 
INTERVALS   > INT0V? 

IYES 

N0 
F0  IS SET=T0  ITS CURRENT 
VALUE  PLUS  THE   NUMEfR 0F 
REMAINING OESERVATI^NS, 
i.e.,  PLUS   (0B-F^T) 

CHI(J)^(F(?-F(?C): 

F0C 

:     i    : 

J HERE IS THE SUB- 
SCRIPT 0F THE LAST 
0F A SET 0F INTER- 
VALS HAVING MORE 
THAN INT(3V THE0RET 
ICAL OBSERVATIONS. 

CHISUM=CHISUM+CHI(J) 

zx: 

CHI( INTERV) =(FO-REMALN)r 

REMAIN 

4 
I0BFR(INTERV)=FO 
CMPFR(INTE RV)=REMA IN 

IOBFR(J)-.FO 

I CHISUM=CHISUM+CHI( INTERV) 

f 

CMPFR(J)-FOC 

KOUNT=KOUNT+i 

-* KOUNT=KOUNT+l 

KOUNT COUNTS THE 
NUMBER OF CONTIG- 
UOUS SETS OF INTER- 
VALS HAVING MORE 
THAN INTOV THEO- 
RETICAL OBSERVA- 
TlOt'S . 

I 
JJ=J 

FO   IS   SET  -   0 TO 
SUM THE  OBSERVED 
FREQUENCIES  FOR 
THE  NEXT SET OF 
INTERVALS 

YES 

PROBO   IS   SET EQUAL TO  PROBN TO 
DEFINE THE LOWER BOUND PROBABILITY 
USED IN COMPUTING THE THEORETICAL 
NUMBER OF OBSERVATIONS FOR THE 
NEXT SET OF INTERVALS 

m 

I 
JJ=INTERV? 

NO 

SET CHI(J)=-1.0 FOR 
J=JJ,   JJ+1,   ....   INTM1 

 "  

1    IMT.RV YES DEGREES  OF  FREEDOM   (IDF) 
-   KOUNT-IDFF 

RETURN 
TO 

CALLING 
PROGRAM 
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B ?D 
P 3D 
R 5D 

B 

B 126 

B 10B 

T 
r CHI 

VII.       PROGRAM LISTING 

SUBTYPE:, F i oo 
IGD.tREöOEP 
100, «PPI NITER 
ICO,TAPE. ...EVEN,,cflVE 

REEL.PUL 
lOD.DlSK, ,.2899 

IOD.OISK« ,,101 
END 

•sUBTVPE.FORTRAN.LMAP.DBI N 

CHITRAN-CHI     «^OUAR^    TFCT    WITH    TT (! NSP OPV A * I ONc , 

COMMON   MAx,MiN,OBSERV(M0r'O) , NOB "=,. ^TiPfAOOltl^R^Ql^Cl J.SOEV.IDP 

COMMON   CHS(AP0),CHI?U,«',I OB^R ( 4 0C ) » CMPFR ( 4 0C ) 
COMMON    INTOV.ENOBc., INTEO(ir"3),P'C,RAPH(65),tTEPt4nr) ,T^PE, I GC 

COMMON NOJOBS.FORM< lo ) «POOL ID(10) •OBSERP(14000 >•I NTERP( 100) 
COMMON NOBSA(50 0) , ! NTOV0,NO INTP,GROUP, INTERV, [POINT,Q 
DIMENSION IT ( 12 ) 
EQUI VALENCE (NOSAM,NOJOBS) 
INTEGER TAPE«GROUP,SAVE,0 
EXTERNAL Tl,T2,T3,T4,T5«T6»T7,TB,Tq«T10»Tll 

99 REWI NO 10 
READ VARIABLE FORMAT CARD.THIS FORMAT  IS USED TO READ THE OBSERVATIONS 

READ 400,FORM 
400 FORMAT(10A8) 

QsO 
READ 10n,NOSAM ,TAPE,GROuP»NOTRAN,(IT(1),IcI,NOTRAN) 

I ^0 FORMAT ( 16 I'M 
IF (GPQuP.r-T» 3 ) STOP 
IPRINTcl 
GROUP^GROUP+l 
IF(GROUP.GT,I.AND.NOSAM.EQ.1)GROUP=1 
!F(GR0UP.Lt.3 )G0 TO 98 
IPPINT=? 

GR0UP=3 
P8 SAvE-»GROUP 

IE (G^OuP.FO, I )GC TO 201 
DFAD ID F'jw rn^ POOLED DATA. 

RFtr 4rtr,poOLID 
READ POOL   '/NTROL CAPO, 

READ 1"1,INTOVP.NOINTP,(INTFRP(L),L»1,NOINTP) 
II FORMAT (^V, 1 SI^./(( 1 6IC )) ) 
P^l    DO    2 00 1=1,NOJOBS 

READ CONTROL CARDS FOR EACH C4MPLE. 

READ I 0.0 »NORS »INTOV,NOINt,(|\TFR{L)«L=l«NOINT) 
NOBSA(I)=NOBS 

5"0 WR I TP ( 1 ^ )N0BS , INTOV.NO INT , ( INTER  ( •< ) , < = I , NO I ^,T ) 
DO -»O^  I = 1 »NOTRAN 
IGO=IT( I ) 

GROUP"SAVE 
00 T 0 ( 1 .?«'1,4,^,ft,7,R,o, i - , 1 1 1 , i r,o 

1 CAUL OH I (Tl ) 
00 TO 2'^ 

?   CALL OH I ( T'1 ) 
GO TO P^- 

1    CALL C HI (T T ) 
GO TQ 25^ 

4 ^ALL rHI (T4 ) 

CO T" P^' 
K rALL  OH I ( TR ) 

r; p  T n T> CK ' 

^ CALL '"'-' I ( T<s ) 
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GO TO 250 
7 CALL CHI (T7 ) 

GO TO 250 
8 CALL CHI (T8 ) 

GO TO 250 
9 CALL CHI (T9 ) 

GO T ) 250 
10 CALL  CHI(T10) 

GO TO 250 
1 1 TALL CHI (Tl 1) 

?5n lF(TAPE-2)251.300*251 
251 REWIND TAPE 

t^n   CONTINUE 
GO 10 9^ 

END 
SUBTYPE,FORTRAN,LMAPtPBlN 

SUBOOUTINE CH1(TFUNC) 
COMMON MAX«MIN,OBSERV(14 000) .NOBS.STIP(400)« IFRE0(401 > «SDEV»IDF 
COMMON CHS (400) «CHI SUM« IOBFP? (400 ) «CMPFP(400 ) 
COMMON INTOV.ENOBS«INTEP(100).FGPAPH(65)»STEP(400>«TAPE«IGO 
COMMON NOJOBS»FORM(10)«POOLID(10).OBSERP(14000)«INTERP(IOO) 
COMMON NOBSA (500 ) «INTOVD.NO I^TP,GROUP« INTERV» 1PRINT«Q 

DIMENSION TDENT(6 ) «TADD( 1 ' ) «TADD2( 1 1 ) 
DIMENSION IDENT(IO) 
EQUIVALENCE (BLANK,TADD2(1 ) ) . (XXX.TADDC1 ) ) 
REAL MEAN,MAX«MIN,MAXP«MINP.IFPEO«IOBFP 
INTEGER TAPE«GROJP,Q 
DATA TDENT ( 1 ) (8HTRANSE0R) 
DATA TDENJ(2 ) (8HMATI0N X) 
DATA TDENT(3 ) (BH TO      ) 
DATA(TADD( I) « I«l «1 1 ) (8HX. ,8HLN x. ♦8HLN(LN(X),8HLN ( ]fX).»8 
1HLN(1+LN{ «8HSQRT(X).«SHl/X. ,8H1/(1+X).«8HARCSIN(X«8H2 ♦ Af CSIN«8 
2HARCSIN{  ) 
DATA(TÄ0D2( I ) « I = 1 » I 1 ) (8H ,8H .OH)*       ,8H « 
18H1+X)).   .8H ,PH ,8H .8H),       ,aH{SORT(X)« 
28HS0RT(X) > ) 
DATA PLUS(RH,        ) 
IF{ IGO-10 ) 103.104,103 

IDA TDENT(6)=R00L(TADD2(3)) 
GO TC 1C"7 

103 IF( IGO-1 1 ) 105«10 6, 1C5 
106 TDENT(65=B00L(PLUS) 

GO TO 107 
\n=,   TDENT (6 )=BOOL (TADD2(n ) 
107 TDENT(4)=BOOL(TADD(IGO)) 

TDEN"(5)=B00L (TADDP(1 GO) ) 
IGG«1 
REWIND 10 
PEWINn 1? 
i\»OG»NOJ ^r,c" 

f ^JPR<■ p- n , ^ 

I Of ■' - ' 

1^0?   DO    I '^ 1     JJV'I.NOr 

GO    T 1    .'20.-^,20, .v "•"<. GROUD 

PC    READ ( 1 " ) Mr1"- , I N-'Ov.NOI NT , ,  ! Nll'.a (  ]  ) , I e I , NOINT ) 
1   FOPV/VT ( t 6 I ^ ^ 

1  O^1    fODMftT ( !       A"  \ 
RE AC ( T " ^  . •   ^P"     '        --r-v  ,  ■ ■ . I = 1 , NOR? ) 
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:   COMPUTE   STANDAPD   DEVIATION   OF    THE   OBSERVATIONS 
NUINT=N0INT 

FNOBSsNOBS 
5UM=0,0 
SUM2=0»0 

DO   3    1=1.NOBS 
OBSEPV ( 1 )»TFUNC(OBSERV(In 

3 SUM =SUM +08SEPV(I) 
^ MEAN=SUM/F"NOBS 
"DO 4 1=1»NOBS 
OBSEPP(I)«OBSEPV(1)-MEAN 

4 SUM?«SUM2+08SEPP(I)»OBSEPP(M 
SOEV=SQPT(SUM2/(FN0BS-1•)) 
CALL MAXM1N(0BSERV»N0BS«MAX«MIN) 
GO T0(202,203,203,220)«GROUP 

203 IF(JJX.GT.I )GO TO 208 
MAXP=Max-MFAN 
MlNPsMIN-MEAN 

GO T 1   209 
208 MAXP=AMÄX1(VaxP,MfiX-MEAN) 

M1NP=AMIN1(MlNP,MIN-MEAN) 

POP SUM2P = ^UM?P + c,UM2 
FN08«.P = FN0BSP+FN0BS 
WRITE( 12 ) (ORSEPP( I ), I = 1 ,NOBS ) 
GO TO(220,202, 1001,220)«GROUP 

2C4 MAX=MAxP 
MINrWINP 
MEAN=0,0 
SDEV = SQRT(SUM2P/(FN0BSP-FL0AT(NOJOBS ) >) 

202 PANGE=MAX-MIN 
DO 1000 1=1,NUINT 
IF(GP0UP.LT.4 )G0 TO 198 
INTERV=INTEPP(1) 
GO TO 199 

198 INTEPV=INTER ( I ) 
j qq FNTcrDV= I NTEPV 

DFLTAaPANGF/FNTFRV 
STEP ( 1 )=MIN-t-DELTA 
IFPEO( 1 )=0.C 
IFPEQ(INTERV+!)=0.0 
"0 5 J-2, INTEPV 
IFPEO(J )=0.0 

5 STEP(J)=STEP(J-l )+DELTA 
STEP(INTEPV)=VAX 
GO T0(20CS,205,220.206) »GROUP 

?05 DO 62C1 L=1,INTEPV 
(S?01 ST T 0(L ) =C.TED (L )-MEAN 

DO 6 <=1»NOBS 
JJ»(OS^EPV(<)-MIN)/DELTA 

6 I*rPEQ( JJ+1 ) ^ I^ofTQf JJ*I ) +j ,o 

IFPCC t IN'TFOV ) = IFREQMNTEPV)-MFREQ( INTEPV+1 ) 
0 = 0^-1 

DPINT    ^.OfNOP^.l^TEPV.TDENT 
f   ^CPV' M f-wOrM]       OUAPE    TE'T,I«,5H   WITH.I6,17H   OBSERVATIONS   AND, 15,1 

I  )M     t N'-r'   Cyftl   C, ,?AP,ÖA,3a«) 
TALL     * r-'" NJ ( ^T I l^, I r^r ,FN0o- ) 
IF M   •:   y ^■'. OQ,07 

no   r r.[_^   ^Q ] NT] ( jj-, , 
p -  oc i «■j"   i ^ ,; pp'■JT 
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13 FO~MATctHlt10A8) 
PRINT 7oOtNOBStiNTERVtTDENT 
GO TO 97 

!06 PRINT t3tPOOLID 
0•0+1 
PRINT 77oOoFNOBSPoiNTERV,TDEN~ 

77 FOR~~Tct6HOCHI SOUARE TESTti4o~H WIT~•tF8eOt24H POOLED Oe: ~RVlTIONS 
l ANntl~tliH INTERVALSet2ARtA4t3A8) 

R!"WIND 12 
DO ~68 K=ltNOJOBS 
NOBS•NOBSA(K) 
READct2)C0BSERVCL)tL•1tNOBSl 
GO TO c444t44~),1PRINT 

444 1FcieEOeleANDeiGGeEOt2)CALL PRINTtCK) 
445 DO 66 JFG•1tNOBS 

JJz(OBSERVciFG)-MIN)/DE~TA 

66 IFREQ(JJ+l >•IFREQ(JJ+t)+leO 
368 CONTINUE 

IFREOciNTERVl•IFREOctNTERV)+JFREQCINTERV+1) 
IFCieGTe1)G0 TO 207 
GO TO C442t207)tiPRINT 

442 GO TO (207t447)tiGG 
447 PRINT 13tP00LtD 

PRINT 77,0tFNOBSPtiNTERVtTDENT 
2~7 CAL~ TRANCSTEPtiDFF,FNOBSP) 
97 PRINT 88eiNTOVtiNTERV 
88 FORM~T< 61H THE DEGREES OF FREEDOM WAS COMPUTED ON THE BASIS OF AT 

1 ~E~STI5o40H OBSERVATIONS IN EACH OF A SUB E THEtl~e1tH INTERV 
2A~S •) 

PRINT 30eMEANtSDE'I 
30 FORM\Tc6HOMEAN•t El4e8t23H •••STANDARD DEVIATION•tE14e8) 

PRINT 8eRANGEtMAXeMINtDELT~ 
B FOR~~T<8HORANGE =tE1~e8t12H MAXIMUM •tEl~e8tl2H 

t a, 1 ~;-; 
PRINT 888 

8B8 FORMATC42HO UPPER BOUND FREQUENCY 
1U CONTQ OBS FR THEO FQ) 

CALL M~XMINCIFREOeiNTERVtXAMtSCALE) 
IF(XAMeGTe65e0)G0 TO 91 
SCALE==l• 
GO TO 92 

~1 s~AL~==xAM/6~.o 
02 DO~ K=1eiNTERV 

IFG~PH:TFRFO(K)/SCALE+e5 

IFctFGRPHeLEeO)GO TO 12 
11 DOt~ JFG•leiFGRPH 
t ~ FGR4PHciFG)•XXX 
12 IFGQPH=IFGRPH+1 

IFciFGRPH-66)2033t2035t2035 
2033 DO 2~27 lFG:tFGRPHo65 
2027 FGPAPHci FGl=BLANK 
2 C35 IFcC HSC K))2 04 0 t204lt2041 
20 40 P~ I NT 2029 t STEP< ) , JFREQ (K) tFGRlPH 

GO T(' o 

BAR CHARTt50Xt35HCHI SO 

?~41 PQJNT 2 Q 2Q o 5TEPC K )eJFRE0(K),FGRAPH,CHS(K)eiOBF~CK)tC~RCK) 

2~29 F0QMaTc2XoF15e4e2XtF7eOt4XelHit6~A1tlXtF8e3tlXeF10ele2XeFIOe3) 
Q CONTINUE 

PRINT 604o""CALE 
6°4 FOQ;t1!ATC 13H OX QEPRESENT5oFI~e4tl4H OEISERVlTIONSe) 

tFct DF)2 ~ 48o2 048o204q 
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2048 PRINT 2050 
2050 FORMATC35HL CHJSQliARE COULD NOT BE COMPUTEDe) 

GO TO 1000 
2049 PRIN·~ 2r.l39tCHISUMeJOF 
2 0 39 F0RM•Tti2HOCHISOUARE •tF16t6e~H WITHtl4e20H DEGREE~ OF FREE~OMe) 
11')00 CONTINUE 

GO TOt I not t t !'!01 t t 0 01 t221) eGROuP 
100 1 CONTINUE 

GO TOC22lt223t222t22l)tGROUP 
:! 22 IGG=2 
223 GR OUP=4 

IDFF•NOJOBS+2 
NOG=l 
NUINT•NOINTP 
I NTOV= INTOVP 
GO TO 1002 

220 ~TOP 
221 RETURN 

END 
T 5UBTYPEeFORTRANtLMAPtPRIN 

SUBROUTINE TRANCSTEPtiDFF,OB) 
C THIS SU9R0UTINE FITS A NORMAL CURVE WITH MEAN ZERO AND STANDARD 
C DEVIA T ION SDEV TO THE DATA IN IFREQ WHERE THE UPPER BOUND OF EACH 
C INTERVAL IS IN THE CORRESPONDING ENTRY IN STEPCI)e OB IS THE TJTAL 
C NUMB ER 0~ OBSERVATIONSeTHE ROUTINE GROUPS THE DATA SO THAT THERE ARE 
C AT LEA S T IN TOV THEORETICAL VALUES PER INTERVAL AND THEN COMPUTES THE 
~ ~ ~' SOLA RE ~ TATISTICCCHI UM) TO GIVE AN E~TIMATION OF THE GOODNE~3 OF 

F JT . O~ EX IT FPOM THE ROUTINEtiDF CONTAINS THE NUMBER OF DEGREES JF 
( F OE EDOM . CH ICJI=-t JF THE JT H INTERVAL WAS NOT THE LAST OF A GROL~, 
C OTHERWIS IT CONTAINS COBSERVED FREQUENCY-THEORETICAL FREQUENCY)•*2 
C DIVIDED BY THEORETICAL FREQUENCYe 
C IOBFR(J l I S tON EXITeTHE OBSERVED FREOUENCYtiF THE JTH INTERVAL WAS 
C TYE LAST OF ~ GROUPtOTHERWISE ITS CONTENTS ARE MEANJNGLESSe~IKEWISEt 

CMPF R CJl CO TAINS THE THEORETI CAL ~REOUENCIESe 

COM~ON ~ AX, M IN,OB SERVC14 0 0Q ),N0BSeSTIPC400)tJFREOC401)tSDEVtiOF 

CO~ ON CH JC4 0 0)tCHISUMtiOBFRC400)eCMPFRC400) 
COM~., ON I NTOV, FNOBS, INT ER C 10 , ), FGRAPH ( 6 5) t STAP C 400) t TAPE t I GO 
C O~~~~ NOJO S tF ORMC10)tPOOLJDC10)t0eSERPC14000)tiNTERP(l00) 
c ' ·1 "n I "108SA ( 5~ 0 ). r NTOVP. N I NTP, GROUP. lNTERVtl PRINT 

: ·• '·- ! ON STE P C400 ) 
~~~~ A Xo N, FREQ ,IOBFR 
.,- ~iT V= I NT OV 
FOT : l, O 
~< u Nr =o 

HI SU M= O.O 
P R o=o . o 
FO:'), Q 
I TMl =I NTERV-l 

300 1 J:J.tNTERV 
IFC J oNE ,JNTERV, GO TO t 
PPO"" ' : 1 • 

0 T 2 
I PROB~ = FREC CSTEDC Jl /SDEV) 

? ~ OC :OR*tPPORN-POOAO ) 

FO =J~nEO C J )+FO 

l ~C~~C -~NTnV)4,4e 5 

4 CH IC J l =-leO 
G TO 10 

-:; ~OT:~OT+FO 

REMdl N=OB*<l• C- DROBO l 
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IFCOB*C1e0-PROBN)-FNT0V)6t6t9 
6 FO•FO+cOB-FOT) 

FOMR~:FO- R~MAIN 
CHI(INTERV)•FOMRE*FOMRE/REMAIN 
IOBFR(INTERV)•FO 
CMPFRCINTERV)EREMAIN 
CHISUM=CHISUM+CHICINTERV) 
KOUNT:KOUNT+I 
JJ:J 
GO TO 12 

9 FOMFOC=FO-FOC 
CHICJ):FOMFOC*FOMFOC/FOC 
CHISUM=CHISUM+CHI(J) 
IOBFRCJ)•FO 
CMPFRCJ)=FOC 
KOUN.,.=I<OUNT+l 
FO•~•O 
PROBO•PROBN 

tO CONTINUF. 
GO TO 17 

12 IFCJJ-INTMI)14tl4tl7 
14 DO 16 J:JJtiNTMl 
16 CHI CJ)•-t eO 
17 IOF•KOUNT-IDFF 

RETURN 
END 

T ~UBTVPEtFORTRANtLMAPtPB1N 

SUBROUTINE MAXMINCAtKtAMAXtAMIN) 
DIM~NSION ~(14000) 

AMAX•A(l) 
AMIN•ACl) 
DO 9CIO 1•2•1< 
IFCAMAX-ACI))It5t5 
AMAXeA(f) 
GO TO 900 

3 IF(A~IN-A(I))900t900t3 

3 AMIN•ACI) 
900 CONTINUE 
Z20 RETVON 

END 
T ~UBTVPEtFORTRANtLMAP,PBIN 

SUBROUTINE PRINTl(K) 
COMMON MAX,MJN,OBSERVCI4000)tNOBStSTI~C400)tiFREQC40l)tSOEVtiOF 
COMMON CHSC400),CHISUM,tOBFRC400)tCMPFRC400) 
COMMON INTOV,FNOBStiNTERCl00)tFGRAPHC65)tSTEP(400)tTAPEtiGO 
COMMON NOJOBSeFOR~Cl0)tPOOLICCIO)t0BSERPCI4000)tiNTERPCl00) 
COMMON NOB~AC5nOltiNTOVD,NOINTPtGROUPtiNTERV•IPRINT 
PRINT 91eK 

Qt FORMATt44H~A LI STING OF THE CBSERVATIONS IN SAMPLE N0el4t9H FOLLOW 
15e/IH0) 
LC•~ 

9B DO 92 LL=teNOBStB 
LC•LC".._I 
Ka~t=LL+7 

IFCN19~ -KM14te95e95 

41 I(M.,NI.)I'> ~ 

()~ ~C I "' T OJ ot_ c . cOB SERVCL)•L•LL,KM) 
93 FOQ~ AT(lH ol5o3Hl o9Et5e8) 
92 CONTT N E 

RETUI:'N 

51 



END 
SUBTYPE«FORTRAN,LMAP»PBIN 

FUNCTION Tl(X) 
T1=X 
RETURN 
END 

SUBTVPE.FORTRAN.LMAP.PBIN 
FUNCTION J2(y) 
T2*HLOG(*) 

RETURN 
END 

«?UBTYPE.FORTRAN,LMAP,PBIN 

FUNCTION T3(X) 

T3=AL0G(äL0G(X)) 

RFTURN 
END 

SUBTYPE«FORTRAN,LMAP»PBIN 
FUNCTION TA(X) 
T4=AL0G(1.0+X) 
RETUPN 
END 

SUBTYPE.FORTRAN,LMAP«PBIN 
FUNCTION T5(X) 
T5»äL0G(1.0+ALOG{1.0+X)) 

RETURN 
END 

SUBTYPE»FORTRAN,L*AP»PBIN 
FUNCTION T6(X) 
T6=5JRT(y) 
RETURN 
END 

SUBTYPE » FORTRAN,LMAP « PBIN 
FUNCTION T7(X) 
T7=>1 .0/X 
RETURN 
END 

SU3TYPE.F0RTPAN,LMÄP«DBIN 
FUNCTION T8(X) 
T8=1.n/{!.O+X) 
PETUPN 
FND 

SUBTYPE«FORTRÄN,LMAP«PBIN 
FUNCTION T9<X) 
Tp = aTÄN(x/<;ORT( i .n-y#x) ) 
RETURN 
END 

SUBTYPE.FORTRAN,LMAP»PBIN 
FUNCTION T10(X) 
Tl 0«2.0»ATAN(^QRT (X !/<;ORT ( 1 .C-X ) ) 
RETURN 
END 

=,UBTVi=>E« FORTRAN»!. WAP^PBI N 
FUf'JCT I ON   Tl 1 (X5 
Tl i aflTa\1t^nRT(X)/^OPT(I .O-y) ) 

RETURN 
FND 
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